mittee of our hospital according to the Helsinki declaration. Only patients with persistent symptoms were included in the study. Patients with gluteus tendon tears, isolated peri-trochanteric bursitis and any intra-articular cause of pain were excluded by means of previous MRI examination. Forty-three patients with calcifications within the soft tissues around the hip were included in the study. The inclusion criteria were: a) presence of calcifications around the hip joint on X-rays and/or MRI; b) failed conservative treatment with per os analgesics/ NSAIDs and physiotherapy for at least four weeks after the onset of symptoms; c) body mass index >28 kg/m 2 and peripheral obesity; and d) deep location of the calcifications which would be difficult to depict with ultrasonography (US). According to the previously mentioned criteria, 19 patients (22 hips) aged 51.9±11.4 years (5 males, 14 females) comprised the study group and underwent CT-guided treatment. Control group consisted of 24 patients (28 hips) aged 56±7.7 years (8 males and 16 females), who refused to receive the suggested treatment and continued on conservative treatment with NSAIDs and physiotherapy.
Evaluation of the treatment outcome was performed by using a score measuring the clinical improvement in terms of pain and functional impairment, compared with the immediate pretreatment period, at three weeks, three months, six months, and one year, as follows: 1, no improvement; 2, <50% improvement; 3, 50%-70% improvement; 4, >70% improvement. No follow-up imaging examinations were performed. In cases where bilateral treatment was performed, the outcome represents the overall therapy response. Patients were self-evaluated according to the above mentioned criteria and delivered the score to the senior author by phone contact.
CT-guided treatment
Before the procedure, aseptic cleaning utilizing surgical gloves and povidone-iodine solution (10%, repeated twice) and local anesthesia (23G needle, 2% lidocaine), were performed. Under CT-guidance (low dose technique), a CHIBA type needle (18G) was inserted within the calcification area. Axial scans were used to confirm the location of the needle within the calcifications; then, lidocaine was injected, calcifications were fragmented by rotating the needle tip, and saline was injected and aspirated. Lavage was repeated until the aspirated fluid ran clear without visible calcific material. After the end of barbotage, the needle was withdrawn a few millimeters until a "pop" feeling was produced, suggesting intrabursal location, where a mixture of triamcinolone 40 mg (1 mL) with 0.5% bupivacaine (6 mL) and 0.5% lidocaine (1 mL) was injected. Dry needling was not attempted within tendon degeneration areas. All patients underwent the same technique by a single radiologist with 27 years of experience on musculoskeletal imaging and intervention. The procedures were performed with a 16-row scanner (Siemens Somatom) and a 64-row scanner (GE Lightspeed) applying a low dose protocol of 100 effective mAs and 120 KVp for radiation protection reasons. The duration of the procedure did not exceed 10 min in each case.
After the procedure, all patients were instructed to remain in the department for 30 min and to consume analgesics in case of local pain, only for the first 48 hrs in the post-treatment period. One-week excessive loading protection was suggested to all patients in both groups, after which physiotherapy was advised aiming at strengthening the gluteus muscles.
Statistical analysis
Data were analyzed with the use of IBM SPSS Statistics for Windows v.22 (IBM Corp.) and differences between mean improvement scores for each follow-up time point were evaluated with the use of Mann-Whitney U test. Statistical significance was denoted by a P value less than 0.05.
Results
Characteristics of study patients are shown in Table 1 . Study group comprised • In the acute phase, CT-guided treatment offers relief from symptoms compared with conservative treatment.
• There is no difference in the long-term outcome of hip HADD between CT-guided and conservative treatments. (Figs. 1-3) . No statistically significant difference was found between the mean ages of the two groups (P = 0.149).
At three weeks post-treatment, mean improvement scores of the study group were significantly higher compared with the control group (P < 0.001). However, starting from three months and over the rest of the course of the follow-up, scores of the two groups showed no statistically significant difference (P > 0.1) (Fig. 4) . Improvement scores at all follow-up time points are shown in Table 2 . No complications were observed in any of the patients.
Discussion
In this study we examined the outcomes of CT-guided treatment of HADD around the hip and showed that patients treated with CT-guided barbotage and injections reported a higher improvement score than conservatively treated patients, only in the acute phase. In the long run, both conservative and interventional treatments yielded the same outcome in terms of function and pain.
HADD around the hip is a self-limiting condition, which usually subsides with conservative treatment (9) . Clinically it usually presents with acute pain and reduction in range of motion (8, 9). Patients are commonly referred for further examination of the so called "greater trochanter pain syndrome, " where MRI can be of value, aiding the differential diagnosis of this diverse group of clinical entities (10, 11) . The differential diagnosis includes lateral snapping hip syndrome, bursitis resulting from rheumatologic disorders and tendinopathy/tears of gluteus medius and minimus. The imaging findings of hip HADD vary among different modalities. MRI shows low signal intensity calcifications on all pulse sequences, often surrounded by soft tissue edema, better depicted with short tau inversion recovery sequence. Reactive subgluteal bursitis may also be a feature of the disease. A gradient echo pulse sequence can be added to the protocol, as it is superior to conventional pulse sequences in highlighting the calcifications. US scans revealing hyperechoic microcalcifications can be utilized for both the diagnosis and the guidance of interventional procedures for the treatment of superficially located calcifications. Although CT should not be used for the diagnosis of HADD, it can be used to assist interventional procedures for the treatment of deep calcifications (such as those around the hip), which are very difficult to visualize with the use of US (7). Finally, cases of hip HADD can occasionally mimic clinically neoplastic disorders, requiring the awareness of the clinician and a combination of imaging modalities such as MRI and CT in order to differentiate HADD from malignant conditions (12) .
A variety of treatment options exist for the management of hip HADD. Although it has been proposed that all cases of hip HADD can be treated conservatively as pain will eventually subside (9) steroid injections have been described in case reports or limited case series (11, 13) . In the study of Park et al. (13) two patients were treated with US-guided injections, reporting complete symptom relief within the first post-treatment month, whereas Pierannunzii et al. (11) treated a proximal rectus femoris calcification with two consecutive CT-guided injections, reporting fast symptom relief after the second injection. Finally, arthroscopic treatment has also been reported as an option for refractory cases (13) . However, to the best of our knowledge, no prior study directly compared the effects of conservative and image-guided treatments.
Our study is the first to clearly demonstrate that in the long run, both treatment options have a similar outcome. However, we also demonstrate that in the acute phase, the result of CT-guided barbotage and steroid injection is superior to NSAIDs and physiotherapy. Our results are in line with Choudur and Munk (12) who used CT-guided steroid injections in order to treat a limited number of patients (three females and one male) and reported an excellent response to treatment with complete resolution of symptoms within six months. Moreover, as in our patient groups, the resolution of symptoms in their patients did not justify any follow-up imaging examinations. However, Choudur and Munk (12) did not include a control group of patients receiving conservative treatment and their sample size was limited to conduct conclusions about the treatment outcomes. In addition, their treatment technique did not include barbotage of the calcifications. Our result regarding the similar long-term outcome can probably be attributed to the self-limiting nature of the disorder. The quick recovery noticed in the study group is apparently the result of the steroid action within bursae and barbotage, which reduced the inflammatory reaction.
Our study has strengths and limitations. Its major strength is the prospective selection of patients for both groups and its major limitation is the low number of patients for both groups. However, this can be justified by the frequency of hip HADD, which is low compared with the location around the shoulder. Moreover, the lack of follow-up imaging could be considered as another limitation. The decision not to proceed with further imaging was made based on the relevant results which show that in cases of shoulder HADD, no imaging follow-up is required if the desirable outcome is improvement in terms of function and pain (14, 15 In conclusion, we showed that CT-guided barbotage and injection treatment of HADD lesions around the hip has the same long-term outcome as conservative treatment, but provides relief of debilitating symptoms in the acute phase. Further studies are required to compare the outcome of isolated steroid injections and steroid injections combined with barbotage.
